a2 United States Patent

US009166493B2

(10) Patent No.: US 9,166,493 B2

Sekimoto et al. 45) Date of Patent: Oct. 20, 2015
(54) POWER CONVERTER CIRCUIT (56) References Cited
(75) Inventors: Morimitsu Sekimoto, Osaka (JP); U.S. PATENT DOCUMENTS
Toshiyuki Maeda, Osaka (IP) 5,216,586 A *  6/1993 SQit0 ..oooooorrrre 363/49
R 6,307,762 B1* 10/2001 Shiobara ........cccccoceoueunus 363/69
(73) Assignee: Daikin Industries, Ltd., Osaka (JP) . fobara
(Continued)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 FOREIGN PATENT DOCUMENTS
U.S.C. 154(b) by 173 days. P 50010170 A *  1/1984
Jp 63-58899 U 4/1988
(21) Appl. No.: 13/383,806 .
(Continued)
(22) PCTFiled:  May 27,2010 OTHER PUBLICATIONS
(86) PCT No.: PCT/IP2010/058995 “Improved Power Factor Rectifier Circuit for Inverter Controlled PM
§371 (0)(1) Motor” written by Isao Takahashi announced at 2000 Technical
(2), (4) Date:  Jan. 12, 2012 ?I/llicj[t;:g;(l)z) 104)9 :f ltlsl;: ir'lstltute of Electrical Engineers of Japan (held
(87) PCT Pub. No.: 'WO02011/007620 Primary Examiner — Harry Behm
PCT Pub. Date: Jan. 20, 2011 (74) Attorney, Agent, or Firm — Global IP Counselors
(65) Prior Publication Data 1)) ABSTRACT
US 2012/0113693 Al May 10, 2012 A power converter circuit includes a diode group, a relay, a
DC section and an inverter. The diode group includes a plu-
(30) Foreign Application Priority Data rality of diodes arranged to rectify an output voltage of an
alternating-current power supply. The relay is provided at a
Jul. 15,2009  (JP) weceevveiiiiiicceee, 2009-166378 point located closer to the alternating-current power supply
than the diode group. The DC section is where an output
(51) Int. Cl. voltage of the diode group is applied. The inverter is arranged
HO2M 5/458 (2006.01) to output a three-phase alternating-electric current to a three-
HO2M 1/32 (2007.01) phase load. The DC section has a maximum pulse voltage
HO2M 1/00 (2007.01) twice as great as a minimum pulse voltage of the DC section.
HO2M 1/36 (2007.01) The DC section includes an energy-absorbing circuit having
(52) US.CL an electrolytic capacitor. The DC section further has a path-
CPC ..o HO02M 5/458 (2013.01); HO2M 1/32 way arranged to apply the output voltage of the alternating-
(2013.01); H02M 1/36 (2013.01); HO2M current power supply from the alternating-current power sup-
2001/0006 (2013.01) ply to the electrolytic capacitor via a rectifying circuit, not via
(58) Field of Classification Search the relay.

USPC oot 363/69-70, 37, 34-35
See application file for complete search history.

13 Claims, 4 Drawing Sheets

104

~on Signal



US 9,166,493 B2

Page 2
(56) References Cited FOREIGN PATENT DOCUMENTS
U.S. PATENT DOCUMENTS Jp 2001-333573 A 11/2001
JP 2005-20836 A 1/2005
7,830,036 B2* 11/2010 Weietal. ..o 307/31

8,400,797 B2* 3/2013 Chanetal. .....c..cccoevvnnn. 363/86 * cited by examiner



U.S. Patent

Oct. 20, 2015 Sheet 1 of 4

FiG1

US 9,166,493 B2

o
2

4

S
N

ul

—

neme

il royd e
Lorvartey

Contbr

Civeuit

|

Relay-on Signal

FiG 2

i8

s

16
)

e
1

Ty
nlan

Inverter (
ol b 2

e

.~
jri nvert

t
Co

er

DB

Converter

Controel
Circuit

AT 2 6

|

Relay-on Signal

~
-

ontrel Signal

6

ntrol Signal



U.S. Patent Oct. 20, 2015 Sheet 2 of 4 US 9,166,493 B2

MG 3

—
3 LF L

v 1

~ b A3

F Tk

e o e s s i e b

DOnC Contrel
Converter Cireuit

o
e B8

it
i

Relay-on Signal

F1G. 4

12
\‘a
i &
"~ -

|
[
[
|
[
[ |
L |
~ v O
| | ~

[e22] 7 . .
E i : Vs | Inverter Control Signal
1 ‘é | I
I - | . , . ‘
: ! LDeMmC Control | . og

ot Converter >
30 {0 Bas) E[
1

Relay-on Signal



U.S. Patent Oct. 20, 2015 Sheet 3 of 4 US 9,166,493 B2

Fif: 5

FIG. 6




U.S. Patent Oct. 20, 2015 Sheet 4 of 4 US 9,166,493 B2

K17

QOb

o) 2
- ;
wwwwww E U
s 14
T an i 1 b L \
woo ol om0 B
‘}‘ # oA e & ® T ij
- P [ | I B .
ZBs Cde_ !0 # ; ; Z ;
- : ; ; H
i T F LR :
I Lo ; P L AN ‘?‘3'.;\
e ™ Lo ,-“ B L R
it Lot & ! 5
LI : il *~. j
H i I i |
I . R
mwmwﬂmmsum__mﬁ_,,:n_Jnuut_» e e e i e oo
24 : ,._f\

"y
/ i i Inverter Control Signal

hasBalslinte Control
Converter Cireuit

Relay-on Signal

PRIOR ART



US 9,166,493 B2

1
POWER CONVERTER CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. National stage application claims priority under
35 U,S.C. §119(a) to Japanese Patent Application No. 2009-
166378, filed in Japan on Jul. 15, 2009, the entire contents of
which are hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a power converter circuit
provided between an alternating-current power supply and a
load.

2. Description of Related Art

A variety of power converter circuits for respectively sup-
plying a load with a predetermined alternating-electric cur-
rent provided between an alternating-current power supply
and the load have been developed. Out of them, downsizing of
inverters and inverters without capacitors aimed for a cost-cut
have been suggested “IMPROVED POWER FACTOR REC-
TIFIER CIRCUIT FOR INVERTER CONTROLLED PM
MOTOR” written by Isao Takahashi announced at 2000
Technical Meeting 4-149 of the Institute of Electrical Engi-
neers of Japan (held in March, 2000) page 1591). As shown in
FIG. 6, an inverter 40 without capacitor comprises: a diode
group 16; a DC section 18; and an inverter 20. Further, a relay
S for power shutdown is provided at a point between the
power supply 12 and the diode group 16 to prevent electric
energy from inflowing into the DC section 18 when the
inverter 20 stops.

The diode group 16 is a diode bridge consisting of four
diodes. The diode group 16 performs full-wave rectification
for an output of the alternating-current power supply 12 and
outputs to a power supply line 22 of an upper arm and a power
supply line 24 of a lower arm. The DC section 18 comprises:
a reactor fin inserted into the power supply lines 22 and 24;
and a smoothing capacitor Cdc provided, at a point, between
the power supply lines 22 and 24. The DC section 18 does not
include a large capacity of an electrolytic capacitor. The
capacity of the smoothing capacitor Cdc of the DC section 18
typically has a capacity of about 20 uF, which is about 0.01 to
0.02 time as large as the electrolytic capacitor. The inverter 20
includes a switching power element (transistor) and a reflux
diode, and outputs alternating-current power to the load 14.

Direct current voltage fluctuates widely even though the
inflow energy into the DC section 18 is small because the
smoothing capacitor Cdc of the DC section 18 is small in
capacity. Further, examples of the state in which direct current
voltage tends to rise include the time when L.C resonance of a
reactor Lin caused by power supply activation/power strain
and a smoothing capacitor Cdc is generated, and the time
when inductance energy reflux of the load 14 is performed
when the inverter stops.

As shown in FIG. 7, an inverter 4056 without capacitor
equipped with an energy-absorbing circuit 28 in the DC sec-
tion 18 has been suggested as a measure to prevent the afore-
mentioned overvoltage (JP 2005-20836 A). In the energy-
absorbing circuit 28, a diode Ds, a resistor Rs, an electrolytic
capacitor Cs are series-connected to one another between the
power supply lines 22 and 24. Since the electrolytic capacitor
Cs is also charged as well as the smoothing capacitor Cdc, the
apparent capacity of the smoothing capacitor Cdc grows.
Moreover, the resistor Rs controls the passing of a charging
current through the electrolytic capacitor CS. Accordingly, a
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potential difference Vdc of both edges of the smoothing
capacitor Cdc becomes smaller, which leads to prevent over-
voltage.

The charging voltage of the electrolytic capacitor Cs is
almost uniformly smoothed. The electrolytic capacitor Cs can
be used as a power supply of a circuit for driving at a fixed
voltage. Further, the inverter 4056 without capacitor is
equipped with a control circuit 26 for controlling the switch-
ing power element and the relay S. Consequently, it has been
suggested in JP 2005-20836 A that the electrolytic capacitor
Cs is used as a power supply of the control circuit 26.

However, in the case where the relay S is Off, no voltage is
applied to the energy-absorbing circuit 28 equipped with the
DC section 18. The electrolytic capacitor Cs to be used as a
power supply of the control circuit 26 is not charged, so that
the control circuit 26 is not driven. As a result, the relay S
cannot be switched on and the inverter 405 without capacitor
remains stacked.

SUMMARY

It is an object of the present invention to provide a power
converter circuit capable of suppressing overvoltage of a DC
section and generating a power supply for a control circuit.

The summary of the present invention is described as fol-
lows:

In a first preferred aspect of the present invention, there is
provided a power converter circuit which comprises: a diode
group including a plurality of diodes for rectifying an output
voltage of an alternating-current power supply; a relay pro-
vided at a point located closer to the alternating-current power
supply than the diode group; a DC section where an output
voltage of the diode group is applied; and an inverter for
outputting a three-phase alternating-electric current to a
three-phase load. The DC section has a maximum pulse volt-
age twice as great as a minimum pulse voltage thereof. The
DC section includes an energy-absorbing circuit having an
electrolytic capacitor and has a pathway for applying the
output voltage of the alternating-current power supply from
the alternating-current power supply to the electrolytic
capacitor via a rectifying circuit, not via the relay.

According to the present invention, the power converter
circuit generally rectifies at a diode bridge and charges the
electrolytic capacitor provided on a subsequent stage. When
the relay provided on a former stage of the diode bridge is Off,
the power converter circuit charges the electrolytic capacitor
from the power supply side via the rectifying circuit, not via
the relay.

In a second preferred aspect, the power converter circuit
according to the present invention further includes a control
circuit for controlling the inverter using a charging voltage of
the electrolytic capacitor as a power supply. The control cir-
cuit operates using the charging voltage of the electrolytic
capacitor as a power supply.

In a third preferred aspect, the power converter circuit
according to the present invention further includes a control
circuit for switching the relay on/off using the charging volt-
age of the electrolytic capacitor as a power supply. The elec-
trolytic capacitor is usually used as a power supply of the
control circuit because the electrolytic capacitor is charged
even when the relay is off.

In a fourth preferred aspect of the power converter circuit
according to the present invention, the energy-absorbing cir-
cuit is a series circuit between a diode and the electrolytic
capacitor. Alternatively, the energy-absorbing circuit is a
series circuit among a diode, a resistor, and an electrolytic



US 9,166,493 B2

3

capacitor. The apparent capacity of the smoothing capacitor
in the DC section is increased by the electrolytic capacitor.

In a fifth preferred aspect of the power converter circuit
according to the present invention, the pathway for applying
the output voltage of the alternating-current power supply to
the electrolytic capacitor via the rectifying circuit includes a
resistor. The resistor reduces electric current and adjusts the
voltage to be applied to the electrolytic capacitor.

In a sixth preferred aspect of the power converter circuit,
the rectifying circuit is either a full-wave rectifying circuit or
a half-wave rectifying circuit. Full-wave rectification or half-
wave rectification is performed to apply a voltage to the
electrolytic capacitor.

In a seventh preferred aspect of the power converter circuit
of the present invention, the electrolytic capacitor is an elec-
trolytic capacitor of the energy-absorbing circuit provided on
the subsequent stage of the diode bridge. The charged voltage
is virtually constantly smoothed and becomes a power supply
of the control circuit that needs a fixed voltage.

Advantages of the Invention

According to the present invention, it is possible to apply a
voltage from the power supply side to the electrolytic capaci-
tor via the rectifying circuit, not via the relay. This makes it
possible to charge the electrolytic capacitor even when the
relay is Off. Even if the relay is Off, the control circuit using
the electrolytic capacitor as a power supply is driven, so that
the relay is turned on/off. It is possible for the power converter
circuit to prevent, overvoltage because of having an electro-
Iytic capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a power converter circuit
according to the present invention;

FIG. 2 is a schematic diagram in which a resistor of the
power converter circuit shown in FIG. 1 is shared;

FIG. 3 is a schematic diagram in which a resistor value of
the power converter circuit shown in FIG. 1 is adjusted;

FIG. 4 is a schematic diagram of a power converter circuit
according to the present invention using a full-wave rectify-
ing circuit;

FIG. 5 is a schematic diagram in which a resistor value of
the power converter circuit shown in FIG. 4 is adjusted;

FIG. 6 is a schematic diagram of a conventional inverter
without capacitor.

FIG. 7 is a schematic diagram of an energy-absorbing
circuit in the inverter without capacitor shown in FIG. 6.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The power converter circuit of the present invention will
now be described by referring to the accompanying drawings.
The power converter circuit described below is an inverter
without capacitor.

As shown in FIG. 1, a power converter circuit 10 is used at
a point between a power supply 12 and a load 14 and outputs
predetermined alternating-current power to the load 14. The
power supply 12 shown in FIG. 1 is a single-phase power
supply. The load 14 is a three-phase load and an example
thereof is three-phase motor.

The power converter circuit 10 includes a relay S, a diode
group 16, a DC section 18, and an inverter 20. The diode
group 16, the DC section 18, and the inverter 20 are connected
to one another by a first power supply line 22 of an upper arm
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and a second power supply line 24 of'a lower arm. Further, the
power converter circuit 10 includes a control circuit 26 for
driving and controlling the relay S and the inverter 20.

The diode group 16 is a diode bridge consisting of four
diodes. The diode group 16 performs full-wave rectification
to output a direct current voltage to the first power supply line
2 and the second power supply line 24. The second power
supply line 24 is lower than the first power supply line 22 in
voltage.

The DC section 18, in which the output of direct current
tare is applied to the subsequent stage of the diode group 16,
includes a reactor in and a smoothing capacitor Cdc for
smoothing the direct current voltage outputted from the diode
group 16. The reactor tin is inserted in the first power supply
line 22 and is connected to a point between the power supply
lines 22 and 24. As shown in FIG. 1, the reactor Lin and the
smoothing capacitor Cdc are designed to general smoothing
circuits. As described in the prior art, the smoothing capacitor
has a low volume.

The DC section 18 has a maximum pulse voltage twice as
great as a minimum pulse voltage thereof. And the DC section
18 includes an energy-absorbing circuit 28 as a measure
thereof. The energy-absorbing circuit 28 is parallel-con-
nected to the smoothing capacitor Cdc. The energy-absorbing
circuit 28 is series-connected to the diode Ds, the resistor Rs,
and the electrolytic capacitor Cs in this order from the first
power supply line 22 side. In the diode Ds, an anode is
connected to the first power supply line 22. The smoothing
capacitor Cdc is series-connected to the electrolytic capacitor
Cs, resulting in an increase in the apparent capacity of the
smoothing capacitor Cdc. The resistor Rs has functions to
control a rapid rise in voltage. Overvoltage of the voltage
placed between both ends Vdc in the smoothing capacitor
Cdc is suppressed by the energy-absorbing circuit 28. Further
a voltage smoothed into the fixed voltage is charged on the
electrolytic capacitor Cs.

Inthe present invention, although the resistor Rs is used for
the energy-absorbing circuit 28, the resistor Rs may be omit-
ted, if there is no need to minimize the rapid charge on the
electrolytic capacitor Cs.

A rectifying circuit 30 is connected to a point located closer
to the alternating-current power supply than the relay S to
apply a voltage to the electrolytic capacitor Cs via the recti-
fying circuit 30 in the present invention. That is, even when
the relay S is Off, a voltage can be applied to the electrolytic
capacitor Cs. The rectifying circuit 30 is a halt-wave rectify-
ing circuit, consisting of one diode Dss. The anode of the
diode Dss is connected to the alternating-current power sup-
ply. A direct current voltage is generated by half-wave recti-
fication. This makes it possible to apply the direct current
voltage to the electrolytic capacitor Cs.

The control, circuit 26 transmits a signal to turn the relay S
on or transmits a control signal to drive a switching power
element to the inverter 20. The control circuit 26 drives a
charging voltage of the electrolytic capacitor Cs as a power
supply. As mentioned above, it is possible to secure the power
supply of the control, circuit 26 because the electrolytic
capacitor Cs is charged even though the relay S is Off. It is
possible to transmit a signal to turn the relay S on and drive the
power converter circuit 10 because the control circuit 26 is
always driven. When the relay S is On, charging is performed
in the electrolytic capacitor CS via the diode Ds and the
resistor Rs. The voltage is converted into a voltage which is
capable of driving the control circuit 26 by a DC/DC con-
verter 32 when necessary.

A resistor Rss is provided, between the rectifying circuit 30
and the electrolytic capacitor Cs. This resistor Rss reduces
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electric current. When the resistor Rs of the energy-absorbing
circuit 28 is too great, a drop in voltage in the resistor Rs at the
time when energy is absorbed, in other words, when an elec-
tric current flows to the resistor Rs, resulting in a rise in
voltage Vdc. Thus, there are more cases where the resistor Rss
is set to be greater than the resistor Rs. In addition, the resistor
Rss may be provided at a point located closer to the power
supply 12 than the rectifying circuit 30 in the case where the
resistor RSS is located in a pathway between the power sup-
ply 12 and the electrolytic capacitor Cs.

When the value of the resistor Rss is the same as that of the
resistor Rs, while the resistor Rss still remains like a power
converter circuit 105 shown in FIG. 2, an output of the recti-
fying circuit 30 may be connected to a point between the
diode. Ds of the energy-absorbing circuit 28 and the resistor
Rs. Further, like a power converter circuit 10¢ shown in FIG.
3, the output of the rectifying circuit 30 may be connected to
a point between the diode Ds of the energy-absorbing circuit
28 and the resistor Rs. As a result, the resistor Rss is series-
connected to the resistor Rs, so that two resistors Rss and Rs
reduce the electric current. As mentioned above, the value of
the resistor Rss is appropriately set.

It is to be understood that the rectifying circuit 30 is not
limited to a halt-wave rectifying circuit. As can be seen from
a power converter circuit 104 shown in FIG. 4, a full-wave
rectifying circuit consisting of four diodes DBss is connected
to a point located closer to the alternating-current power
supply than the relay S. An output of the full-wave rectifying
circuit is applied to the electrolytic capacitor Cs. Use effi-
ciency of a power supply voltage is more increased than the
half-wave rectifying circuit. And as can be seen from a power
converter circuit 10e shown in FIG. 5, the output of the
full-wave rectifying circuit may be connected to a point
between the diode Ds of the energy-absorbing circuit 28 and
the resistor Rs. In FIG. 5, there is a case in which it is
impossible to set the resistor Rss like FIG. 2. The value of the
resistor Rss is appropriately set.

In the inverter 20 two switching power elements (transis-
tors) are series-connected to each other and a connecting
section thereof is connected to a terminal of the load 14. The
series-connected switching power elements are connected to
the first power supply line 22 and the second power supply
line 24. Since the load 14 is a three-phase load, the total
number of the switching power elements is six. A reflux diode
is parallel connected to each switching power eclement. A
desired three-phase electric current is outputted to the load 14
by the adjustment of the timing of switching on/off of the
switching power elements using the control circuit 26.

As described above, it is, possible to apply a voltage to the
electrolytic capacitor Cs in the DC section 18 located on the
subsequent stage of the diode group 16 from the former stage,
not from the relay S in the present invention. Even when the
relay S is Off, it is possible to cause the control circuit 26 to
drive using the electrolytic capacitor Cs as a power supply. As
aresult, there is no possibility that the relay S may remain Off
like a conventional one. Further, it is possible to avoid over-
voltage by the electrolytic capacitor Cs of the energy-absorb-
ing circuit 28 as well as a conventional one.

While embodiments of the present invention have been
described so far, it is to be understood that the present inven-
tion is not limited to the aforementioned embodiments. For
instance, the embodiment is also applicable to a three-phase
inverter without capacitor, although a single-phase inverter
without capacitor shown in FIG. 1 is applicable.

It should be understood that the present invention capable
of other embodiments and of being carried out in aspects in
which various improvements, modifications, and changes are
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6

added based on knowledge of those skilled in the art within a
range not departing from the spirit of the invention.

What is claimed is:

1. A power converter circuit comprising:

a diode group including a plurality of diodes arranged to
rectify an output voltage of an alternating-current power
supply;

arelay provided at a point located closer to the alternating-
current power supply than the diode group;

a DC section where an output voltage of the diode group is
applied;

an inverter arranged to output a three-phase alternating-
electric current to a three-phase load;

a smoothing capacitor disposed between the diode group
and the inverter; and

an inductor connected in series relative to the alternating
current power supply and the smoothing capacitor, the
inductor and the smoothing capacitor being configured
to be generally smoothing circutis,

the DC section including an energy-absorbing circuit hav-
ing a first resistor and an electrolytic capacitor, the
energy absorbing circuit and the smoothing capacitor
being connected in parallel relative to each other,

the DC section further having a pathway arranged to apply
the output voltage of the alternating-current power sup-
ply from the alternating-current power supply to the
electrolytic capacitor via a rectifying circuit, not via the
relay, and the pathway having a second resistor disposed
therein, and

a second resistance of the second resistor being greater
than a first resistance of the first resistor.

2. The power converter circuit according o claim 1, further

comprising

a control circuit arranged and configured to control the
inverter using a charging voltage of the electrolytic
capacitor as a power supply.

3. The power converter circuit according to claim 2,

wherein

the control circuit is further arranged and configured to
switch on/off of the relay using the charging voltage of
the electrolytic capacitor as a power supply.

4. The power converter circuit according to claim 2,

wherein

the energy-absorbing circuit includes a diode series con-
nected to the electrolytic capacitor.

5. The power converter circuit according to claim 2,

wherein

the energy-absorbing circuit includes a diode series con-
nected to the first resistor.

6. The power converter circuit according to claim 2,

wherein

the rectifying circuit is one of a full-wave rectifying circuit
and a half-wave rectifying circuit.

7. The power converter circuit according to claim 1, further

comprising

a control circuit arranged and configured to switch on/off
of the relay using the charging voltage of the electrolytic
capacitor as a power supply.

8. The power converter circuit according to claim 7,

wherein

the energy-absorbing circuit includes a diode series con-
nected to the electrolytic capacitor.

9. The power converter circuit according to claim 7,

wherein

the energy-absorbing circuit includes a diode series con-
nected to the first resistor.
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10. The power converter circuit according to claim 7,
wherein
the rectifying circuit is one of a full-wave rectifying circuit
and a half-wave rectifying circuit.
11. The power converter circuit according to claim 1, 5
wherein
the energy-absorbing circuit includes a diode series con-
nected to the first resistor.

12. The power converter circuit according to claim 11,
wherein 10
the rectifying circuit is one of a full-wave rectifying circuit

and a half-wave rectifying circuit.
13. The power converter circuit according to claim 1,
wherein
the rectifying circuit is one of a full-wave rectifying circuit 15
and a half-wave rectifying circuit.
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